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INTRODUCTION 


A meeting took place at the NASA Langley Research Center on 
the 24th and 25th of February 1987 to discuss the development and 
eventual use of forward-looking remote sensors for the detection 
and avoidance of wind shear by aircraft. Industry was represented 
by several radar manufacturers, software developers, and aircraft 
operators; the academic community by several research institutions 
with university affiliations; and government by NASA and the FAA. 

As is evident from the Preliminary Agenda (page 7) , the 
meeting was structured to first provide a review of the current FAA 
and NASA wind shear programs, then to define what really happens to 
the airplane, and finally to give technology updates on the various 
types of forward-looking sensors. Except for certain time 
adjustments, this schedule was maintained, and then followed by 
discussions to define the key issues which remain unresolved from 
this meeting. 

The present document has been compiled to informally record 
the essence of the technology updates and the discussions which 
followed each. The updates are represented here through the 
unedited duplication of the vugraphs, which were generously 
provided by the respective speakers. To encourage the participants 
to apeak freely, no audio tape recordings were made of the formal 
presentations; thus no transcript appears here. However, during 
the floor discussion following each presentation, notes were kept 
by several of the Langley participants. These were abstracted and 
appear in this volume, beginning on page 272. 

In the final section of this document are listed the key 
issues which remain unresolved from the meeting. Hopefully, they 
will form the basis of the next meeting on forward-looking sensors. 
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WIND SHEAR MODELING: 
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THE WIND SHEAR THREAT 



AVIATION INDUSTRY CONSIDERS WIND SHEAR 

A MAJOR SAFETY ISSUE 
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WIND SHEAR DETECTION, 
WARNING AND FLIGHT GUIDANCE 


R, L. Bowles 
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WIND SHEAR IMPACT ON AIRCRAFT PERFORMANCE 
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HAZARD INDEX APPLICABLE TO BOTH INSITU— SENSED 
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WIND SHEAR ALERT CONSIDERATIONS 
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BOEING 737-100 

EFFECT OF ZERO-CLIMB- ANGLE HOLD 
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BOEING 737-100 
EFFECT OF ZERO-CLIMB- 
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BOEING 737-100 

EFFECT OF ZERO-CLIMB-ANGLE HOLD 

(Continued) 
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BOEING 737-100 

EFFECT OF ZERO-CLIMB-ANGLE HOLD (Concluded) 
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wmosnear Recovery uapoomiy 


UKAM 


NOTE: 1. 737*300, 122,000 lb. Flaps 5, CFM56-3-B1, S. L, 100°F. 

2. Windshear encounter at 1 00 ft. following takeoff. 

3. Guidance assumes instant recognition. Manual technique recovers 
after 1 5 kt. airspeed loss. 

4. Horizontal windshear at 5.7 kt/sec. 


NASA First Training 

Guidance Generation Aid 



Windshear Recovery Capability. Recommended Manual Technique vs. Preliminary 
NASA Guidance Technique and First Generation Cockpit Flight Director Guidance. 


4.4-230 


Fig. 4.4-61 
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AIRBORNE DOPPLER TECHNOLOGY 
FOR WIND SHEAR DETECTION 


E. M. Bracalente 
NASA/LaRC 
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THE WIND SHEAR PROBLEM CURRENT RADAR STATUS 

AND LIMITATIONS 
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PRELIMINARY RANGE OF TRADE-OFF DESIGN PARAMETERS 
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-Analyze and process SAR data. 

-Provide digital images and tapes of backscatter data suitably 
formated for incorporation in our clutter map. 

-Conduct future ground and/or flight clutter da^ta collection 
experiments if appropriate. 






• SBIR contract to Sierra Nevada Corporation (SNC) 
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RADAR SIMULATION STUDIES 
AT AMRB, NASA LARC 


C. L. Britt 
RTI at LaRC 

















WIND VECTOR PLOT - MICROBURST "6MIN1 

Vector scale: 1 m/s = l.5m 
Plotting increment: 30m 
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Antenna Diameter = .711m; Frequency = 9.3GHz 
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RADAR APPLICATION ISSUES 


P. Hildebrand 
NCAR 



National Center for Ataoapherio XeaearoA 
P.O. Box 3000, Boulder, Colorado 60307 

69 January 1987 


Mr. Herb Sohllckenmaier 
CODE PAA/APM-430 
Boob 727 

800 Independence Avenue 
Washington D.C. 20591 

Dear Herb: 

The suggested topics for diaoussion for the FAA/NASA Forward 
Look Technology 8yvposiua are enolosed in an unmarked plain brown 
envelope. Please forgive me if 1 went a little overboard in the 
scope of topioa; however, the Bind is a wonderful thing and can 
ranble all .over the place. 

8ee you soon. 


Sincerely , 

Peter H. Hildebrand 

Manager, Airborne Doppler Radar 
Development Projeot 
phone: 303-497-1031 
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Suggested Topi os for Discussion 
FAA/NASA Wind Shear Forward Look Technology Symposium 


I, Forward Look Technology 


page 


IS 
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A* Specification of meteorological features to be observed 

1 . Types of features 

a. winds 

b. temperature 

o . moisture 

d. precipitation 

e. opaoity at different wavelengths 

f. reflectivity at different wavelengths 

2. Domain of features (x,y,s,t) 

3. Natural scales and gradients of distinctive features 
within domain (x»y>s,t) 

/ 

B. Measurement Capability Speoif ioation 

1 . Range 

2. Range reaolution 

3. Range folding and aidelobee 

4. Angular (as k el) scan 

5. Angular resolution 

6. Angular sidelobet 

7. Measurement resolution 

8. Measurement domain 

a. Likelihood of folding 

b. Ability to unfold 

9. Measurement update or sampling rate 

10. Calculation cycle tine 

11. Bffects of inhibiting factors 

a. Rain 

b. Kase 

o. Oround clutter 

d. Other sidelobe effects 

e. Background measurement A system noise 

f. Maintainability of measurement system 

(1) failure rate 

(2) capabilities of typical maintenance 
crews to oorrectly maintain equipment 

12. System effectiveness for pilots 

a. Clearness/simplicity of output data 

b. Projected false alarm rate. 

c. Effect of measurement false alarm rate on 
pilot willingness to use data 

d. Need for interpretive intelligent display 
systems 



•ulfssted Topios for Discussion 
FAX/ NAS A Wind Shear Forward Look Technology Symposium 


C< Forward Look Measurement 8ys terns 

1. Microwave Doppler weather radar 
2* Doppler Lidar 

3. IB teaperature aenainf systems 

4 . Other optiona 

D. In-si tu Measurement Systems 

1. Aircraft winds 

2 . Ground apeed 

3 . Teaperature 

4. Humidity 

6. Precipitation 

I!* Analysis and Display Options 

A. Data processing 

B. Noise reduction techniques 

C. Data display 

D. Intelligent systems 

1. Derived data fields (e.g. range derivatives,...) 

2. Integration of forward look and in-si tu 
information 

3. Auto-recognition of meteorological features 

4. Auto-guidance around or away from aeteorological 

features 

5. Auto-takeover of aircraft to avoid meteorological 
features 


III. Plans for Growth 


A. Opportunities to design the system for growth 

1. Division of the system into convenient modules 

2. Space in the system for more modules 

3. Use of programmable machines so new algorithms can 
be implemented 

4. Use of CAD systems to ensure easy upgrades for 
hardware 


B. Types of growth 

1. Simple --> Complex Systems. The potential for 
moving from single to multi-sensor systems. 

2. Dumb --> Smart Systems. The potential for the 
system to recognise dangerous situations and to 
recommend safe* evasive action. 

3. Passive --> Active Systems. The potential to use 
smart systems to guide the aircraft. 
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WIND SHEAR CONSIDERATIONS 
FOR THE FORWARD LOOKING SYSTEM 


R. Robertson 
Rockwell /Col 1 ins 


ROCKWELL I NTERN AT I ONAL 


COLL I MS 


WINDSHEAR CONSIDERATIONS 
•for the 

FORWARD LOOKING SYSTEM 


FEBRUARY 24, 1987 


ASSUMPTION 


WINDSHEAR DETECTION IS POSSIBLE WITH RADAR, LIDAR, IR 
SENSORS, INTERFEROMETER, ECT. 


TARGET RECOGNITION 


TARGET CHARACTERISTICS AND STATISTICS 
SIZE 

REFLECTIVITY LEVELS 
VELOCITY FACTORS 
CLUTTER MASKING 
TARGET INTERPRETATION 
MANUAL BY OBSERVER 
AUTOMATIC DETECTION 


SAFETY CONSIDERATIONS 



MINIMUM OPERATIONAL PERFORMANCE STANDARD 
ADAPTABLE TO DIFFERENT SYSTEM CONCEPTS 
FLEXIBLE BUT PRECISE 

TESTS USING FAA GENERATED STANDARD TARGETS 

COMPUTER SIMULATED DATA FOR CERTIFICATION TESTS 
PSEDUO REAL WORLD AND STATISTICAL SIMULATIONS 
METEOROLOGICAL PARAMETERS 
AIRCRAFT PLATFORM PARAMETERS 
USER SYSTEM PARAMETERS 
BOTH DOMINANT AND MARGINAL TARGETS 

GROUND AND FLIGHT TESTS 

MINIMUM CONSISTENT WITH ASSURED PERFORMANCE 


WIND SHEAR AVOIDANCE 
WITH AN AIRBORNE LASER 


R. Targ 
Lockheed 


LMSC -DO 6 7 289 
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the north end of the runway went off 
scale at 130 knots (149 miles per 
hour), the highest wind velocity ever 
recorded by such a device. 
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to more delays on landings and take- 
offs, according to officials of the Fed- 
eral Aviation Administration and the 
Airline Pilots Association. 



THIS PAGE INTENTIONALLY LEFT BLANK SO THAT 
CERTAIN LOCKHEED VUGRAPHS WILL APPEAR ON THE 
RIGHT ACROSS FROM THEIR RESPECTIVE CAPTIONS 


ON THE LEFT. 



The crash in August 1985 of Delta Air Lines Flight 191, a Lockheed L-1011, at the Dallas/Ft. Worth 
International Airport focused national attention on the critical problem of detecting and avoiding 
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One of a variety of possible wind-shear displays is shown in the illustration. In this example, the 
plane's heading is shown from the bottom to top of the instrument. It has numerical markers at 1, 2, 
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The ALTOS wind shear detection system can measure wind velocities in the presence of rain, or an 
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DOPPLER LIDAR RANGE WITH jjj =5 dB VERSUS RAIN 
LASER ENERGY = 2 mJ AT 2000 Hz 
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MICROWAVE WIND VELOCITY MEASUREMENTS 
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LOCKHEED HIGH TECHNOLOGY TESTBED 
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PHASE III: INTEGRATION AND FLIGHT TEST - 9 MONTHS 
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LASER WIND SHEAR DETECTORS 


RAE and tha Royal Signals and Radar 
Establishment have developed and tested 
laser airspeed measuring systems for re- 
mote sensing in both ground and airborne 
installations, using CW focussed beams. 


Experimental ground based system had a 
useful maximum range of 1 km. Studies 
of a system to provide total airport wind 
information out to 6 km, or more, are in 
hand. 



LAser True Airspeed System (LATAS) 
is a compact experimental system which 
identifies wind changes about 3 seconds 
before they reach the aircraft (HS 125). 
The LATAS laser is totally safe for 
general use, as its beam is invisible infra- 
red light. 
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WIND MODELS 

CONSTANT 1 H/S . (00) 


SHEAR WITH HEIGHT OB) 


COHERENT u, v STREAMS (2D) 


SHEAR WITH u, v STREAMS (3D) 



Visual Products Division 


sion 3 


CATALOG NO. 15 - 1006-4 
MADE IN U.S.A. 




2.5 -5 km 



HORIZONTAL PLANE 



20 -40 km 


2 Position LOS with Vertical Scan 


• Measurement (Frame) Time: 

4-8 min (lOOm/sec) 

• Ax * 300m (60*60 grid) 

• 18 data/sec/plane 

(10 vertical planes ^ 180 data/ 

sec) 

• 1 vertical scan/6 seconds 
Measure : 

• u (x ,y , z) , v (x,y , z) 

• spectrum with (turbulence) 

no x,y,z 









COHERENT TECHNOLOGIES, INC. 


1.06 jjm Nd : YAG COHERENT LIDAR SYSTEM 

- SOLID-STATE 

- COMPACT, MOPA CONFIGURATION 

- ATMOSPHERIC WIND AND AEROSOL BACKSCATTER 
MEASUREMENTS 

- MAXIMUM RANGE 20 km 

- VELOCITY RESOLUTION: < 1 METER/SEC 

- RANGE RESOLUTION: <100 METERS 

- OPERATIONAL IN FALL, 1987 


POTENTIAL BENEFITS OF USING EYESAFE SOLID-STATE LASERS 

- MORE COMPACT 

- IMPROVED LIFETIME 

- LOWER POWER CONSUMPTION 
IMPROVED DETECTOR SENSITIVITY 

- IMPROVED VELOCITY RESOLUTION 

- IMPROVED RANGE RESOLUTION 

PROMISING EYESAFE SOLID-STATE LASERS ARE AVAILABLE 

- ACTIVATOR IONS Ho, Tm AND Er 


CRYSTAL HOSTS YAG AND YLF 
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Wind sat l Free Flyer 



Astro-Eiect'onics 
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Ground-based SNR (db) 



COMBINED RADAR-LASER RADAR WINDSHEAR CAPABILITY 


1, Obtain set of measurement requirements from the FAA, 


2, Determine windshear, microburst detection capability 

OF COHERENT LASER RADAR, 

' - Use detailed computer simulation of laser wind 

MEASURING PROCESS, 

- Generate and incorporate realistic winds into 

SIMULATION. 

- Determine measurement accuracy, required range 

RESOLUTION, RANGE, LASER WAVELENGTH AND POWER, 
OPTICS SIZE, PULSE LENGTH, AND PULSE REPETITION 
FREQUENCY, 


Determine required scan, 


COMBINED RADAR-LASER RADAR WINDSHEAR CAPABILITY (cont'd) 


3. Evaluate the coherent laser radar technology to meet 

A SET OF MEASUREMENT REQUIREMENTS. 

— CO2 WAVELENGTHS 

4 

~ EyESAFE WAVELENGTHS# SOLID-STATE 


4. Recommend a set of instrument parameter for both a 
CO2 AND A SOLID-STATE EYESAFE WAVELENGTH. 

5. Analyze the capability of a combined radar — laser 

RADAR SYSTEM FOR ON-BOARD AIRLINER DETECTION OF 
WINDSHEAR. 

6. Specify a combined radar — laser radar system. 
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Turbulence Prediction Systems 
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AIR TURBULENCE 
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SYSTEM 


F=*«T R X CCK ADAMSON 
ROBERT <3. GRAY 
DONALD R - ROGERS 


TURBULENCE PREDICTION SYSTEMS 
3005 30TH STREET, SUITE E«ZiiZi 
BOULDER , COLORADO 80302 
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I NTEGRflTED UJIND SHEQ R PROGRAM 


L; 


he primary defense against wind shear is avoidance. This is why 
significant part of the Integrated FAA Wind Shear Program plan 
r „ deals with the development of wind shear detection systems. 


I 


pday* s wind shear detection systems are relatively ineffective. 


'en when more sophisticated systems become available in the 
r uture, avoidance can never be UZi0* effective . For this reason, 
^ie flight crew must be trained to recognise a wind shear 
■^counter and take the appropriate recovery action. Both the 
national Research Council (NRC) and the National Transportat ion 
Safety Board (NTSB) recognized this need. The NTSB and NRC 

t ‘commended that the FAA work together with industry to develop 
i authoritat ive education and training program. " (emphasis 
added ) 
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TERMINAL INFORMATION 
HAZ <=» RD CHARACTERI ZATION 
GROUND SENSORS 
AIRBORNE SENSORS 

<=» > "ESCAPE" — REACTIVE SYSTEMS 

•' l=»S^O I E> " — PRED I GT I VE SYSTEMS 


FERENCE: INTEGRATED FAA WIND SHEAR PROGRAM PLAN. 15 AUGUST 1986 
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Fie. 1. Peak gusts and temperature differences in 
thmderstorm* with regression curve and standard error 
of estimate. Abscissa is temperature just prior to the 
thwderstosm minus tem per at ur e immediately after the 
dowarush. See text for further explanation. 
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W|. 4 Measured wind shear plotted spins* temperature drop 
from the smbkiit atmosphere to (he density current. The eiperf. 
amtal data points, as Ascribed in the test, ncariy At a straight 
ana, while the overlay stippled area represents a p pco s ima la bounds 



L Reference: F0R FC „ _ _ shea R 

f EAK WIND GUSTS IN NON-FRONTAL OBSERVATIONS IN THUNDERSTORM 

HUNDERSTORMS"; BY E.J. FAWBUSH AND DENSITY CURRENTS" ; BY F.F. HALL 
.C. MILLER ; BULLETIN AMERICAN AND W.D. NEFF ; NATURE, VOL 264, 

“METEOROLOGICAL SOCIETY; VOL. 35, DECEMBER 2, 1976. 

pBO. 1, JANUARY, 1954. 
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REFERENCE: SNYDER 
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;^TUDIED FURTHER. ■■ 

t EFERENCE: " APPLICATION OF INFRARED RADIOMETERS FOR AIRBORNE DETECTION 
F CLEAR AIR TURBULENCE AND LOW LEVEL WIND SHEAR"; BY P. M. KUHN; FINAL 
..... REPORT DECEMBER 31, 1982 - MARCH 31, 1985. 

^"ANALOG STUDY OF THE LONGITUDINAL RESPONSE OF A SWEPT-WIND TRANSPORT 
AIRPLANE TO WIND SHEAR AND SUSTAINED GUSTS DURING LANDING APPROACH" ; 

' BY C. T. SNYDER, NASA AMES RESEARCH CENTER; NASA TN D4477; 1968. 
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REFERENCE: "AIRBORNE INFRARED WIND SHEAR DETECTOR PERFORMANCE IN RAIN 
OBSCURATION"; BY P. M. KUHN AND P. C. SINCLAIR, ARIS, INC.; PAPER 
PRESENTED AT AIAA MEETING JANUARY 18, 1987; RENO, NEVADA. 
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REFERENCE: "FINAL STATISTICAL REPORT ON AVIATION SAFETY 
TECHNOLOGY (IN-FLIGHT DETECTION AND PREDICTION OF CLEAR AIR 
TURBULENCE)"; BY LOIS STEARNS AND VALERIE NOGAY, NOAA ; FOR NASA 
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EVEN IF THE FORECAST OR EARNING 

TECHNIQUES ARE PERFECTLY ACCURATE, 
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REFERENCES "ASPECTS OF CLEAR AIR TURBULENCE SEVERITY FORECASTING AND 
DETECTION " 5 BY L. J. EHERNBERGER, DRYDEN FLIGHT RESEARCH FACILITY, NASP 
AMES RESEARCH CENTER; PRESENTED AT INTERNATIONAL CONFERENCE ON THE 
AVIATION WEATHER SYSTEM, MONTREAL, MAY 4-7,1981. 
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REFERENCE: HANDBOOK OF OPTICS : WALTER S. DRISCOLL, EDITOR ; 
McGRAW-HILL BOOK COMPANY: 1978; FIGURE 16. PAGE 14-41. 
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REFERENCE: THE INFRARED HANDBOOK : WILLIAM L. WOLKE AND GEORGE J. 
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1978 . 
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OTIS LAWS AND DONALD A PARSONS ; TRANSACTIONS, AMERICAN 
GEOPHYSICAL UNION S4, PART II, 1943. 

"THE DISTRIBUTION OF RAINDROPS WITH SIZE"; BY J. S. MARSHALL AND 
W. McK. PALMER; JOURNAL OF METEOROLOGY, VOLUME 5, AUGUST 1948. 
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REFERENCE: "LOW-ALTITUDE WIND SHEAR CHARACTERISTICS IN THE 

MEMPHIS, TENNESSEE AREA BASED ON MESONET AND LLWS DATA"; BY M. M. 
WOLFSON, J. T. DISTEFONO AND T. T. FUJITA; 14TH CONFERENCE OF 
SEVERE LOCAL STORMS, AMERICAN METEOROLOGY SOCIETY; 1985. 
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REFERENCE: "AIRBORNE INFRARED WIND SHEAR DETECTOR PERFORMANCE IN 
RAIN OBSCURATION"; BY PETER KUHN AND P. C. SINCLAIR; AIAA-87-0186 ; 
JANUARY 12-15, 1987 RENO, NEVADA. 
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NOTES FROM 24-25 FEB 87 FAA/NASA/ INDUSTRY MEETING ON WINDSHEAR 

Note: These notes cover only the discussion -following each 
presentation; no notes were made o-f the -formal presentations themselves. 

24/08511 (Roland Bowles’ discussion on windshear threat fc 
statistics.) Floor discussion about Leo's 1982 flights, LIDAR 
absorption, radar ground clutter, and IR differential measurements. 

Peter Hildebrand mentioned dry microbursts. Lead time for escape. 

24/0937: (Brae's talk) Floor discussion on spatial resolution in 

the range direction. Brae answered 200-500 m. Peter H suggested going 
to a finer resolution, say 100m, and using an RHI display of airborne 
data. Jim Evans stressed that bugs and birds create false alarms, and 
so we should use 100m; 250 at the absolute most, since the microbursts 
themselves can be as small as 500m. His reasoning is that simultaneous 
returns from several adjacent small cells could more confidently be 
called a microburst than a return from a single large cell. Leo pointed 
out that it's OK to go with a single large cell, as long as you can 
examine its spectrum. Someone said we can't do that just yet, and Peter 
said we ought to go ahead and figure on being able to do it, because the 
technology will certainly be there by the time we need it; in other 
words, don't be afraid to build a more complicated radar. Wally Gillman 
of American Airlines said that the airlines really need the vertical 
component of the wind, and Brae explained that present Doppler radar 
technology just won't do that. Further, Gillman asked for a horizontal 
sweep of at least +/- 60 deg. Bob Ireland of United Airlines agreed, 
saying that the pilot wants to know whether to go left or right. Roland 
Bowles reminded the airline people that the system we're proposing 
should be viewed as a last ditch effort to save the airplane after all 
else has failed, not a guidance or navigation system. Jim Evans of MIT 
Lincoln Labs pointed out that if you do scan +/- 60 deg. , then all you 
need out on the edges is rain cells; wind shear is needed only straight 
ahead. 

Someone wanted to know which was more of a threat to flight: loss of 
lift due to changing headwind, or forced descent due to downdraft. To 
answer this, Roland presented his energy balance equations. Roland put 
forth the question! should windshear limits be set strictly according to 
meteorological definitions, or should the limits be aircraf t-type 
dependent? (Roland favors the latter.) There followed a discussion 
between Roland and Jim Evans on detectable wind speed differences and 
the minimum distances over which they occur. Roland noted that even 
short-term turbulence affects lift, by messing up the laminar flow over 
the wing. 

Someone wanted to know the power level of the SAR, and Bob Onstott 
of ERIM responded "several kW. " J. J. Ewing of Spectra Technology 
wanted to know if the wind speed correlates well with the rain motion, 
to which Leo replied in the affirmative. 


ORIGINAL PAGE 13. 
OF POOR QUALITY 



Brae presented Jim Schrader's airport diagram, and there followed a 
-floor discussion o-f the gray levels. Las Britt reminded the -folks that 
the absolute numbers should be ignored -for the time being | at present 
we're just trying to develop the model. Brae pointed out that we're not 
trying to build a subtractive map; but rather we're trying to understand 
the statistics so we can develop a process to suppress clutter. Jim 
Evans wanted to know how the RTI/AMRB model gets the velocities, and 
what it is that we're seeing. Les responded that these are bins o-f 
range vs. velocity shi-ft, taken from the line spectrum, and it is radial 
component only, and that the range bin resolution in range is 150 m. 

Jim Evans stated that the Huntsville expert mental data does not support 
the B to 10 m/sec spectral width shown in Britt's plot) 1 m/sec would be 
more like it. Jim brought up lots more questions about signal 
processing, to which Les replied that we really haven't tried any 
processing yet, except to compute a simple FFT. 

It was pointed out that the broad spectrum, shown in the spectrum 
plot presented by Britt, was due primarily to the large spatial volume 
(425mxl50m), seen by a 2.7 deg beamwidth antenna and 1 microsec pulse at 
a 9km range looking at a vortex area of the wind field. The wind speed 
and directions in this particular resolution volume varied over a wide 
range. Subsequent spectrums at other portions of the wind field, even 
for this large volume, showed spectrum widths on the order of 4-5m/s. At 
shorter ranges, where the spatial volume is smaller, the spectrum width 
is smaller when looking at more constant wind field conditions. The 1 
m/s spectrum widths seen by the Lincoln Lab. radar correspond to much 
smaller resolution volumes (0.7 deg beamwidth) 109 m resolution at 9km). 
The question of velocity spectrum width that exists in microburst 
windfields as seen by Doppler radars must be studied further. 

At this point, someone pointed out that using meters per second and 
kilometers makes it very confusing to translate our results and 
specifications into useful cockpit numbers. All Instruments in U. S. 
transport aircraft are in knots and feet, and we should realize that 
that's where our end product will be used. 

24/1315 (Peter Hildebrand's talk on NCAR's radar) Wally Gillman of 
American Airlines disputed Peter's observation that pilots generally 
turn off the radar on approach) Wally maintains that they really just 
switch modes. Also, Wally says that in the specification of the 
windshear-seeking radar, we are confusing minimum requirements with the 
target design. As an example, he'd like to see the windshear warning 
occur 10 miles ahead (target design), but that 5 miles would be the 
minimum requirement. 

24/1345 Wally Gilman (American Airlines) presented some thoughts 
from a pilot's viewpoint on providing microburst hazard warning to the 
pilot. Must re-think the attitude on the use of weather radars for 
providing information on weather hazards to the pilot. Will it remain 
just an advisory sensor which pilots use as they see fit or will it be a 
certified hazard warning device required on all a/c? Thinks future 
radars should have multi-modes of operation from providing reflectivity 
and turbulence information when away from the airport to microburst 
hazard detection during landing and take-off. Mode switching would be 
automatic in which range, scan angles, processing and display 


ORIGINAL PAGE T3 

QE E00R QUALITY 


ORIGINAL PAGE IS 
• • 0F POOR QUALITY 

in-formation, ate., would change as tha a/c comaa in to land. Suitable 
displayad in-formation, aasily interpratad by tha pilot, must ba 
provided. Thinks 30-40 sac. warning is too short a time to allow -for 
escape. Should provide hazard in-formation much -further out during tha 
landing phase. R. Bowles pointed out that tha 30-40 sac. warning is a 
minimum requirement and does not imply that warning in-formation at 
-further distance from the a/c will not be provided. 

24/1400 R. Robertson and 0. Alitz (Rockwell -Col line) presented 
brief review of their activity in development of radars for windshear 
detection. Need good simulation data to evaluate system designs. 
Difficult and expensive to collect real world data under all conditions. 
Need good models and statistics of the microburst characteristics. 

Thinks that good simulation schemes will be the major source of 
certifying any forward sensor design. Field testing for verification is 
too expensive and time consuming, due to the relative rarity of the 
hazard being sensed. Field tests should be used to verify the accuracy 
of the simulation. 

a 

Russell Targ (Lockheed) presented a review of a strawman C0 2 Lidar 
system design along with some performance trade-off information. Since 
rain rates are the chief obstacle to acceptable Lidar operation, the 
rain levels encountered by or existing in front of a/c during a 
potential microburst encounter must be quantified. The problem of rain 
or layers of water on the Lidar lens must be addressed, since water on 
the lens may severely reduce the Lidar's range of operation. The Lidar 
strawman design proposes using a 15 deg conical scan of the laser beam 
in order to obtain the x,y,z components of the wind vector. It was 
pointed out by C. Fricke that this technique only works for a constant 
wind field within the conical scan volume. Since the microburst hazard 
has significantly varying wind velocities and direction within small 
volumes of space, significant errors in the wind direction components 
would occur. Reducing the conical scan angle to look at smaller volume 
would significantly reduce the geometric accuracy of the three vector 
components. This technique as well as others must be further studied to 
see if other then the radial component of wind speed in tha outflow araa 
can be measured. 

H. Schlickenmaier (FAA) proposed two key questions that he feels 
the group needs to address and answer. They are: 

(1). WHAT IS THE HAZARD BEING SENSED? List which of the 
characteristics of the microburst hazard must be sensed, describe how 
the a/c reacts to the hazard, and define how the information is to be 
provided to the pilot. 

(2) . HOW DO YOU TEST THE SENSORS DEVELOPED AGAINST THE DEFINED 
HAZARD? 

24/1600 (Frank Allario, Chief, Flight Instrumentation Div.) Made 
comments on the state-of-the-art in solid state laser technology. 
Presented review of NASA's ongoing basic R & T work in that field. 
Discussed future space-based laser/lidar systems being developed for the 
space station and Earth observing polar orbiting spacecraft. Feels that 
COs laser technology is here and could be used in the design of a 



i 

windshear detection lidar. Solid state lasers -for this application, F 

especially in the eye-safe region above 2 microns wavelength, will ■ 

require much -further development before reliable production crystals can ■ 

be obtained. Feels confident that solid state lasers for lidars will be <r 
available a number of years down the road. M 

25/0830 (Spectra Tech's presentation on Lidars) Bottom line for 
this talk was that laser technology can provide a windshear detecting m 

system, except for size and expense. A question about EMI brought the I 

answer that the generation of a short pulse necessitates shielding to 
protect other equipment. Roland wanted to know if there is any support ^ 

to breadboard up a system. Answer i no one is clear on where to get the I 

support. Leo wanted to know about frequency stability, noting that the ■ 

present instability translates to an uncertainty of 1 m/sec. Spectra 
Tech's reply was that averaging successive pulses can reduce this jfl 

uncertainty. fl 

25/0848 (Milt Huffaker, Coherent Technologies. Discussion of ■ 

Doppler Lidar) Roland wanted to know if the lidar beam can be tilted | 

down (yes) , and if there is data for near-grazing (yes) . And if at 
Huntsville the lidar could see stuff that Evans' setup couldn't (also ^ 

yes). Peter Hildebrand pointed out that this difference could have been I 
due to siting problems. Someone wanted to know what software was used. " 

The answer was that a program from the Air Force Geophysics Lab is being 
used, and they're trying to get aerosol species as well as the winds. fl 

Then some questions about penetration of turbulence, the turbulence and I 

the aerosols both being most prevalent near the ground. Bob Hess 
suggested going to longer pulse Doppler. Huffaker replied that they're ■ 

now already using 2 to 3 microsec. Someone wanted to know what limits | 

the range of the lidar, and the answer was that a pulsed CW system is 
power limited, and that for a focused CW system the depth of field g 

increases with increasing range. (This means that the ability to 1 

resolve range deteriorates. ) At 1 km range, the depth of field is about ® 
1 km. 

25/0948 (Pat Adamson, of Turbulence Prediction Systems, on IR) I 

Someone asked what level of temperature contrast constitutes an alert. 

The answer was -0.5 deg/sec, observed for at least S sec. The ■ 

beamwidth? 2 deg. Method of ranging? A spectral method, using | 

weighting functions, detuning from center frequency, and comparing 
absorptions at two different wavelengths. Peter Hildebrand asked about _ 

temperature contrasts in rainshafts that don't produce microbursts. The 1 
reply was that the atmosphere model needs expansion, and the algorithm * 

needs improvement. Then some lively discussion on "wet" vs "dry" 
microbursts. Roland wanted to know why the IR model is predicated on I 

du/dz rather than du/dx. The answer was that if du/dz is good enough 1 

for Peter Kuhn, then it's good enough for you, to which Roland expressed 
his displeasure. A question about ranging brought the answer that range ■ 
gating in an IR system is less of a problem than for lidar (note: how do I 
you range gate a passive system??) Roland mentioned that for several 
years now. Northwest Airlines has specified a go-around if a temperature _ 

contrast of at least 12 deg is detected in the presence of winds of at 1 

least 15 knots. Roy Robertson of Collins asked how the system degrades - 

in heavy rain. The answer was that there is a graceful degradation, with 
the usable range gradually decreasing. Can you look down the I 
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glideslope? Yes; the hat earth will register as a constant , wi th not 
anough contrast to sustain tha raquirad -0.5 dag/sac over 8 sac. 

However, tha presence o-f tha hot earth would mask tha ability to datact 
small tamper atura changes. It was recommanded that tha IR sensor ba used 
in an up-looking operation to avoid saaing tha warm Earth, in order to 
datact the down flow region of a microburst whara a significant 
tampar atura gradient can ba detected. Roy wanted to know what tha 
biggest hurdle is for IR. Milt replied heavy rain. It was pointad out 
that heavy rain on tha IR sensor window would maka the sensor 
inoperative. What about angular FQV? +/- 20 dag, which crabs with the 
airplane. 

25/1118 (Wayne Siarnicki of Delco and Tim Wise of Hughes, 
describing another IR system, using a modified Barnes PRT-5) Roland 
asked when there will be an ARINC-compatible system. Answer: 18 to 24 

months, maybe a scientific field instrument in the summer of 88. It 
will stare, and then scan at a later time. And it will cover several 
C0 2 bands. No improvements in range over the previously described 
system were claimed. Roland asked if Hughes and Delco are committed to 
proceed on this project regardless of outside support. Answer: Yes to 
study the feasibility; no to build a complete system. 



KEY ISSUES- 
UNRESOLYED QUESTIONS 
TO ADDRESS AT 
FUTURE MEETINGS 


The following questions were formulated by Delco before the meeting got 
underway, then were furnished to NASA after the meeting’s conclusion. 


QUESTIONS/CONCERNS 


1. WHAT IS THE NASA AND FAA POSITION ON THE FEASIBILITY, 
PRACTICALITY AND ACCEPTANCE OF THE VARIOUS FORWARD- 
LOOKING DETECTION TECHNIQUES? IN OTHER WORDS HOW 
WOULD YOU RATE THE SUCCESS FACTOR FOR THE VARIOUS 
APPROACHES? 

2. WHAT TIME FRAMES ARE WE LOOKING AT AS REGARDS TO THE 
AVAILABILITY OF THE VARIOUS FORWARD-LOOK INC WIND SHEAR 

< DETECTION SYSTEMS? 

3. DO NASA AND/OR THE FAA PLAN TO FUND EVALUATIONS OF 
ANY OR ALL OF THE FORWARD-LOOKING DEVICES OR 
TECHNIQUES? 

DOES THE HAZARD DEFINITION FOR REACTIVE SYSTEMS ALSO 
APPLY TO FORWARD-LOOKING WIND SHEAR DETECTION 
SYSTEMS? 

5. WHAT SHOULD BE THE DESIGN GOALS OR CRITERIA FOR LLWS 
DETECTION (RANCE AND SHEAR CONDITION) AND PROBABILITY 
OF SUCCESS FOR AN ACCEPTABLE SYSTEM? WHAT CONDITIONS 
ARE OF GREATEST CONCERN IN VIEW OF EXISTING AIRBORNE 
AND TERMINAL AREA SURVEILLANCE CAPABILITIES AND CURRENT 
PROCEDURES? (I.e., PILOTS DO NOT FLY, OR ARE NOT DIRECTED 
INTO HEAVY THUNDERSTORMS). 

6. IN VIEW OF THE TRADE-OFFS BETWEEN SENSITIVITY, DETECTION 
THRESHOLDS, DISCRIMINATION TECHNIQUES AND COMPLEXITY 
OF THE SYSTEM, WHAT FALSE ALARM RATE WOULD BE ACCEPT- 
ABLE FOR SUCH A SYSTEM IN THE APPROACH AND TAKEOFF 
ENVIRONMENT? 

7. SHOULD A CUIDANCE /RECOVERY METHOD BE A REQUIREMENT 
OF FORWARD-LOOKING WIND SHEAR DETECTION SYSTEMS? 

I. WHAT DOES FAA ENVISION AS GENERAL CERTIFICATION 

REQUIREMENTS FOR FORWARD-LOOKING SYSTEMS? WILL THERE 
BE APPLICATION OF EXISTING WIND SHEAR AC'S AND RULES? 

IS THERE A PLAN FOR DEVELOPING THESE REQUIREMENTS? 


ISSUES GENERATED AT THE MEETING 


The following list of key issue* was generated at an informal 
maating which startad at noon Wadnasday, following completion of the 
formal presentations. 

1. Needs and education of the users/operators: How do I use 
the system? What can the system do, and what are its limitations? 

Also, we don't want the airlines interpreting this effort as a coalition 
between government and the manuf acturers to sell them yet another black 
box . 


2. The previous day's comment about m/sec and km not being 
cockpit units was repeated. By continuing to use these otherwise 
acceptable units, we are isolating ourselves from our end-product users. 

3. Among all the options for f orward-looking sensors, what 
outputs are common to all the sensors (i.e., independent of choice of 
IR, Lidar, or radar)? Are we ready to come up with a strawman list of 
these outputs so that we can tell the potential user what parameters he 
can expect to have available? 

4. Define scanning schemes, fields of view, range, parameters 
to be sensed, and the accuracy of each. Need to define each of these, 
both in terms of what technology might provide and what the user will 
require. Which are the wind components to be senseds horizontal or 
vertical? 


5. Will the system to be developed be used as a continuous 
advisory over 5 to 10 minute intervals, or is it to be a last-second 
warning for avoidance? 

6. Should we think in terms of warning lead times, or warning 
lead distances? 

7. Certification of the system: Should the operating limits 

on the system be airplane-specific or should they be meteorologically 
defined? What about false alarm rates? And the relationship between 
ground-based and airborne-deri ved warnings? 

8. We must define the hazard and find out where the threat 
exists. Below 1000 ft and inside the outer marker? 

9. How close can simulation models of the microburst hazard 
match the real world when anomalous data as seen in field measurements, 
are not incorporated into the model? How do you model these phenomena, 
and how significant are they? 

10. What is the best way to resolve the differences seen 
between the simulations of the hazard and the field data? How do you 
resolve the differences in the Doppler spectrum widths shown in the 
simulation with those seen in ground Doppler radar? 


25 /pm (Smaller meeting with Bowles, Evans, Staton, Huffaker, Britt, 
Schrader, Bracalente, and Del nor e) Lots of discussion to try to 
discover why the field of calculated wind speed differences is 
apparently not supported by the Huntsville data. Also some discussion 
of triple Doppler offering no advantage (at low altitudes) over dual 
Doppler. These topics will be part of a continuing dialogue among the 
researchers involved, and certain aspects of the sharing of data were 
discussed but not resolved. 
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